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I ISf TROi:>OCT I ON 
he mamfiial ian F<ed blood cell (rbc) represents a simple, 
experimentally accessible and" useful membrane system for the 
study of many important physiological processes associated with 
biological membranes. Advances in the understanding of the rbc 
membrane structure and function, such as transport, lipid-protein 
interaction, surface antigenicity, membrane fusion and aging have 
helped in providing the know-how of remarkable diagnostic and 
therapeutic importance. Normal human rbc are biconcave discs 
having a mean diameter of approximately 7.5 um and a thickness at 
the thickest point of 1.9 um or less. The average volume of the 
human red cell is 83 um"^ . The shape of rbc can change remarkably 
as the cell passes through the capillaries. During circulation, 
the human rbc acquires an ellipsoidal morphology owing to the 
force of blood flow (Weed, 1973). 
In the early few weeks of embryonic life, primitive 
nucleated rbc are produced in the yolk sac. During the middle 
trimester of gestation liver contributes principally to the 
production of rbc, though reasonable numbers of rbc are also 
produced by the spleen and lymph nodes. In the latter part of 
gestation and after birth, the rbc are produced exclusively by 
the bone marrow cells (Guyton, 1986). 
Composition of the Red blood cell membrane 
The carbohydrates are amongst the major components of 
the rbc membrane and are confined to the exterior surface as 
oligosaccharide moieties of glycolipids and glycoproteins 
(Sweeley and Dawson, 1969). The rbc have a net negative charge 
at their outer surface (Cook £i ai-, 1961) contributed primarily 
by the carboxyl groups of sialic acid residues (Eylar at ai-, 
1962). 
The amount of total lipid in 10^^ cells is about 5 mg. 
and there are present about 10 lipid molecules in the plasma 
membrane of a single rbc. The polar lipids constitute about 65-
70 % of the total lipids, of this 60 % are phospholipids and 5-10 
% glycolipids (Cooper, 1969). The commonly occurring 
phospholipids in plasma membrane are phosphatidylcholine, 
phosphatidylserine, phosphatidylinositol and sphingomyelin 
(Williams at ai., 1966). The organization of these lipids have 
also been characterised quite thoroughly (Op den Kamp, 1969). 
These and other aspects of erythrocyte membrane lipids have been 
extensively reviewed (Cooper, 1970; Stephen ai al., 1972). 
The polypeptide composition of the human rbc membrane 
and some other animal species has also been studied in 
considerable detail. Fairbanks ei ai. (1971) identified and 
numbered the major polypeptides on the basis of their mobility in 
the polyacrylaraide gel in presence of SDS. Basing on the 
approach suggested by Singer and Nicolson (1972) the polypeptides 
of the rbc membrane have been classified into extrinsic and 
intrinsic types. The polypeptides corresponding to band 3, PAS-
1, PAS-2, and other minor glycoproteins are tz-ansmerabranic and 
span the lipid bilayer. Those corresponding to spectrin (bands 1 
& 2) ankyrin (bands 2.1., 2.2, 2.3), 4.1.,4.2, 4.9, actin, 6, and 
other trace polypeptides az'e confined to cytoplasmic surface and 
are extrinsic. The human rbc membrane polypeptides have been 
extensively studied and the work reviewed by several 
investigators (Bennet aii ai. , 1985). A model structure of the 
rbc membrane is given in Fig. 1 (Low, 1986). 
Red blood cell aging in Mammals 
Red blood cell have for long served as a convenient 
model for the study of cell senescence and aging. The human rbc 
remain for about 120 days in circulation, and for some what 
shorter duration in other mammals, and the circulating life is 
exceptionally constant within a species (Vacha, 1983). The older 
erythrocytes and those that tend to loose important functions are 
selectively and rapidly removed by the reticulo endothelial 
system (RES) of spleen and kidney (Clark, 1986). Red cell 
senescence, has attracted considerable attention and has resulted 
in the proposal of several hypotheses for aging process. Those 
concerning red cell senescence and destruction cover a spectrum 
ranging between two different limiting cases. The first assumes 
that senescent rbc is removed as a result of some Inti'insic 
functional impairment, whei-eas the second proposes that changes 
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on the cell surface may provide a signal for its recognition by 
cells of mono nuclear phagocytic system before it becomes 
functionally effete (Clark, 1988). These hypotheses are based on 
the studies conducted on the erythrocytes separated into various 
age groups using physical techniques that distinguish putative 
changes in cell densities or volumes (Vander Vest ei. aX., 1985; 
Rennie ei ai-> 1979). Several studies explain aging process as a 
manifestation of among other things, the loss of sialic acid 
(Dannon e± ai., 1971, Kay, 1975), alteration in the levels of 
enzymes (Fornani eJL al. , 1985), increase in cell rigidity 
(Lacelle, 1969), lowered level of ATP (Cohen £i ai., 1976), 
lowered resistance to oxidative stress (Abraham at ai-, 1978), 
binding of autologus antibodies (Khansari ai ai-, 1983; Kay, 
1975) and the exposure of phosphatidylserine (Tanaka and 
Schroit, 1983). 
The last two aspects of aging have received gz'eater 
attention in recent years and are being addressed in some detail. 
Role of phosphatidylserine 
The lipid bilayer of the rbc membrane has asymmetric 
transbilayer distribution of phospholipids. Phosphatidylcholine 
and sphingomyelin are the two major constituents of the exterior 
leaflet, whereas phosphatidylserine and ethanolamine are 
restricted to the inner leaflet (op den Kamp, 1979). The two 
p 
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leaflets also differ in the lipid packing. The exterior layer is 
more ordered (Tanaka, 1976, Seigneuret, 1984) and its lipids are 
more tightly packed (Williamson ei al., 1982) than that of the 
inner leaflet. Considerable evidence has accumulated which 
suggests that the loosening of outer phospholipid packing can 
serve as a signal for the recognition of rbc by the RES (McEvoy 
0^ ai., 1986). 
Tanaka & Schroit (1983) proposed that the single 
phospholipid species, phosphatidylserine functions as a signal 
for recognition by the RES. Incubation of an analog of an 
phosphatidylserine into the exterioz' leaflet of the erythrocytes 
enhanced the phagocytosis of modified cells, both jji vivo and la 
vitro (Schroit ei aX., 1985). 
Tanaka and Schroit (1983) have also reported that the 
insertion of exogenously supplied fluorescent lipid analog of 
phosphatidylserine into human and murine rbc stimulated their 
binding and concomitant phagocytosis by cultured syngenric 
macrophages and allogenic monocytes respectively. In contrast, 
the insertion of a fluorescent phosphatidylcholine analog into 
the red blood cells had no effect on their uptake (Tanaka and 
Schroit, 1983). Furthermore, the abnormally high incidence in the 
outer leaflet of phosphatidylserine in the sickle rbc has been 
shown to directly correlate with the enhanced binding of these 
cells to monocytes (Chiu ai ad.., 1981). These findings suggest 
that phosphatidylserine may provide a signal that triggers 
macrophage recognition, at least under defined in vitro 
conditions. 
Role of phosphatidylserine in recognition of model 
liposomes by RES has also been demonstrated (Allen £i. ai. , 1988). 
Schelgel and Williamson (1987) suggested that all blood cells, 
including platelets and leucocytes as well as erythrocytes may 
regulate their interactions with the RES by modulation of the 
lipids present on their surface. 
Middelkoop ei aX- (1988) have demonstrated the presence 
of an ATP dependent translocation system for aminophospholipids 
in sickle cells. This system which would account for the rapid 
translocation of newly introduced phosphatidylserine molecules 
from the outer leaflet of the membrane to the inner in both 
normal and sickle red cells has been reported before (Seigneuret 
and Devaux,1984; Zachowski,1985,1986). The translocation of amino 
phospholipids appeared to proceed at a somewhat lower rate in 
sickle cells. Lowered translocation of phosphatidylserine and 
phosphatidylethanolaraine across human erythrocyte membrane is 
mediated by a specific ATP-dependent protein (Seigneuret, 1984, 
Daleke, 1985, Tilley, 1986, Conner, 1987). Such selective and 
active transport of phospholipids also occurs in other cell types 
(Zachowski, 1987). However, to explain the obsex-ved phospholipid 
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transbilayer asymmetry in terms of dynamic equilibrium existence 
of an outward motion of phospholipid was postulated (Seigneuret 
and Devaux, 1984). A dii-ect experimental evidence for outward 
phospholipid motion across the human erythrocyte membrane was 
given by Bitbol and Devaux (1988) using spin labelled analogues 
of phospholipids, and it was shown that the outward motion of 
aminophospholipids was more than a mere passive diffusion through 
the bilayer. Evidence for the existence of a selective carrier 
was provided and it was suggested that a single aminophospholipid 
translocase may be actively involved in the inwards and outward 
transport. The translocase waG suggested to generate lipid 
asymmetry due to the difference in its efficiency in the two 
directions. Selective interaction of aminophospholipid with 
spectrin has also been suggested as a cause of lipid asymmetry 
(Williamson, 1987). The studies of MiddelKoop ei ai., (1988) 
provided experimental evidence that tne localisation oi 
phosphaditylserine within Liie inner monolayer of rbc membrane is 
maintained by both an ATP-dependent translocation process and its 
interaction with membrane skeleton. However the influence of 
spectrin on aminophospholipids asymmetry is still debatable. In a 
more recent study Bibtol and Devaux (1988) have shown that heat 
induced vesicles of human rbc, that are severely spectrin 
depleted can still accumulate aminophospholipids in the inner 
leaflet. 
'I 
ROLE OF THE AUTOANTIBODIES 
Several investigators have implicated antibody-
dependent mechanisms for phagocytosis of senescent rbc. Kay 
(1975) was the first to show that the high density human red 
blood cells have autologus serum antibodies bound to their 
surfaces. Kay's (1975) observations also indicated that bound 
antibody was effective in promoting phagocytosis of the rbc in an 
in vjvQ assay. Kay ot, ai- (1983, 1984) showed that the antibodies 
bind specifically to the band 3 protein and a smaller polypeptide 
apparently derived from it, present predominantly in high but not 
in low density red cells. The antibody isolated using a band 3 
protein affinity column failed to react with band 3 of intact 
cells, presumably due to the inaccessibility of the binding site. 
Based on these observations, Kay (1975) proposed that during the 
course of aging, the proteolysis of band 3 protein occurs and a 
smaller polypeptide formed becomes accessible to the antibody. 
Gallili el, ai- (1985,1986) demonstrated the occurrence of an X,-
galactosyl carbohydrate moiety specific antibody and pui-ified an 
antibody using ^-methyl-D-galactosidase affinity column, and 
demonstrated its specific binding to a glycolipid component of 
the rbc membrane. This suggested that the antibody was different 
from that identified by Kay (1975). Other studies have suggested 
that the binding site for antibody on dense human rbc might be 
the Thorasen-Friedenreich antigen, which is unmasked, when sialic 
It/ 
acid residues are removed from the glycophorin (Alderman eJi ai-, 
1981). However, subsequent studies failed to reveal binding 
sites that had the 0-galactosyl structure of this antigen 
(Khansari at al-, 1983; Skutelsky at ai-, 1985). 
Experiments carried out by Khansari st al- (1983) have 
shown that selectively isolated, most dense and only a few 
percent of normal cells, had six times as many binding sites for 
the serum antibody than the unseparated red cells, as assayed by 
the rebinding of heat eluted antibody. Smalley st aX- (1983) 
found an abrupt increase in antibody binding in the most dense 
cells in their ultrastructural studies using hemocyanin linked 
anti IgG as a probe. Knyssynski et al. (1977) found that 
consistent with the selective increase in apparent antibody 
binding was a 25-fold increase in phagocytosis of most dense few 
percent of cells as compared to least dense. The selectivity of 
these changes in most dense cells is consistent with, but does 
not prove the hypotheses that these are senescent cells whose 
removal is promoted by the binding of autologus serum antibody. 
Kay (1984) showed that in. vitro aging increased the 
binding of autologus antibody, to human red cells, and she 
hypothesised that this phenomenon could be a major factor in 
limiting the jji vivo survival of transfused cells. However 
significant information on the specificity is available for at 
li 
least two different autoantibodies in humans (Kay, 1975, Gallili 
ei ai-, 1985). The information about the specificity of in aiiu 
bound antibodies in other species is not yet available, except 
that the anti-Gal antibody characterised by Gallili ai, al 
(1985,1987) appears to be limited to humans and high old-world 
primates. 
The pattern of red cell destruction in different 
species may vary in the relative proportion of random and age 
dependent removal. Thus, even if antibody mediated destruction 
predominates in some species, different mechanisms may still 
cause the removal of rbc from circulation in other species. An 
increase in antibody binding to high density or senescent red 
cells has been documented in several different mammalian species, 
including humans (Kay, 1975), cows (Bartoa eJt al. , 1986), rats 
(Glass ei al- 1983) and mice (Singer oi, ai 1986). Wegner ei ai 
(1986) measured the binding of pooled, radioiodinated human IgG 
to red cells before and after ATP-depletion and found that the 
capacity for high affinity binding of IgG increased from 5 to 37 
molecules per cell as a result of ATP-depletion. The 
physiological effect of this small change in binding of IgG is 
not clear. In addition the other two independent studies 
conducted by Halbhuber ai al- (1986) and Muller ei ai- (1983) 
indicated that, spectrin depleted vesicles that were shed from 
ATP-depleted cells bound substantial amounts of autologus 
antibody, while the residual spherocytic cells did not show any 
increase in their capacity to bind autologus antibody. This 
observation of Muller £i ai- (1983) and Halbhuber ei ai- (1986) 
suggests that the metabolic depletion per SiS. may not be 
responsible for observed quantities of antibody that binds iii 
aiiu to the high density red cells. 
A mechanism for senescence that appears to be arousing 
substantial interest currently is that of oxidative damage to red 
cell (Fagan ei al-. 1986). Low and his co-workers (1985) found 
that when low density cells were treated with acridine orange or 
phenylhydrazine, they acquired the capacity to bind autologus 
serum antibody, as measured by the binding of radioiodinated 
protein A. Although iramunoblotting of heraoglobinopathic red cell 
proteins with rabbit antibody against band 3 did reveal a 65,000 
mol. wt. peptide, that could have been the senescent antigen 
characterised by Kay (1984), antibody eluted from these red cells 
did not react with this peptide (Schluter ei SLL- , 1986). An 
electron micrographic investigation of density separated human 
red cells wa? also unable to detect any significant clustering of 
intraraerabranous particles that contain band 3 protein 
(Fitzgibbons &i, aL- , 1976). Kay ei ai-, (1986) investigated the 
effect of deficiency of vit. E in red cell senescence in rats. 
They found that red cells from deficient animals had certain 
characteristics of high density normal rat cells including 
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increased susceptibility Lvj i'liaHocy LCCJIL; , incrcuLicd cell-
associated IgG, and increased breakdown products of band 3 in red 
cell membrane proteins. The authors concluded that the 
acceleration of oxidative damage permitted by vit. E deficiency 
produces premature aging of red cell populations. All these 
studies were based on either density based separation of 
erythrocytes (into various age groups) by using media like 
percoll, ficoll, stractan, etc. or in their own plasma. Susuki 
and Dale (1987) introduced a biotynylation technique using which 
they could isolate "truly senescent" erythrocytes. Using this 
technique the authors demonstrated that the senescent cells do 
not indicate increase in 2,3 biphosphoglycerate and glutathione 
levels (Suzuki & Dale, 1988). They however demonstrated the 
increase in ATP concentrations which was attributed to the loss 
of AMP diaminase activity during senescence. Susuki and Dale 
(1989) have also demonstrated that aging of rabbit erythrocytes 
is not accompanied by gross proteolytic breakdown, of membrane 
components. The senescent erythrocytes were found to have altered 
ratios of 4.1a and 4.1b but without apparent change in total of 
4.1. In a more recent study Dale and Norenberg, (1990) have 
demonstrated that density based separation procedures result only 
in partial enrichment of old cells, implying that the studies 
conducted thus far on erythrocyte aging, using density based 
procedures need serious rethinking. It is possible, even 
probable that red cell senescence proceeds not by a single 
1 t 
mechanism but by several routes at the same time, thus even if 
one pathway is successfully blocked, another may lead to cell 
destruction without substantial delay, thus obscuring the 
contribution of the first pathway. 
EXP>ER I MENTAL 
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MATERIALS 
Chemicals used for the present study were obtained from 
the sources indicated against their names. Glass distilled 
water was used in all the experiments. 
Chemicals Source 
Acrylaraide 
Ammonium persulfate 
Bovine serum albumin 
Goomassie brilliant blue R-250 
4-Chlbro-l-Naphthol 
DEAE-cellulose 
Folins phenol reagent 
Freunds complete adjuvant 
Freunds incomplete adjuvant 
Glutaraldehyde 
Horse radish peroxidase 
2-mercapto ethanol 
Methanol 
N N'-methylene bis acrylamide 
Ortho-Diansidine 
Sodium lauryl sulfate 
Sucrose 
N,N,N',N'-Tetramethyl ethelene-
diamine 
Sigma Chemical Co., USA 
May and Baker Ltd., England 
Sigma Chemical Co., USA 
Sigma Chemical Co., USA 
BIORAD, USA 
Sisco Lab., India 
B.D.H., India 
Difco Lab., USA 
Difco Lab., USA 
Ubichem., England 
Sigma Chemical Co., USA 
E. Merck, Germany 
E. Merck, India 
Fluka, AG., Switzerland 
Fluka, AG., Switzerland 
Sigma Chemical Co., USA 
B.D.H., India 
B.D.H., India 
TrisChydroxymethyl amino methane) Sigma Chemical Co., USA. 
All other Chemicals/Reagents used were of analytical 
grade. 
Animals 
Healthy albino rabbits, used in the present study were 
purchased from the local animal suppliers. Animals were 
conditioned for a week in the animal house, prior to 
immunisation. Rabbits were fed on basal diet obtained from 
Hindustan lever limited, India. 
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METHODS 
Preparation of Erythrocyte Ghosts: Fresh goat blood was collected 
in ACD (Acid citrate dextrose) from the local slaughter house. 
Outdated or fresh human blood was obtained from J.N. Medical 
College, Aligarh. Prior to use, the cells were washed three 
times in isotonic (154 raM) NaCl, and the "buffy coat" was removed 
by aspiration. Erythrocyte ghosts were prepared by the method of 
Fairbanks si ai- (1971) which is based on the principle of 
hypotonic lysis, described by Dodge ei al- (1963). The washed 
rbc were hemolysed by mixing rapidly 1 ml portion of the cells 
with 40 ml cold 5 raM Tris-HCl buffer pH 8.0. The suspension was 
centrifuged at 10,000 x g for 30 min in a refrigerated 
centrifuge. The resulting deep red supernatant was aspirated 
leaving the red translucent pellet of packed ghosts over a 
minute, opaque cream coloured "button". Removal of the latter at 
this stage was essential for minimising contamination of ghosts 
with proteases. Each centrifuge tube was tilted and rotated to 
allow the loose ghost pellet to slide off the tightly packed 
button, which could be then aspirated with little loss of ghosts. 
After two additional washes under similar condition, the pellet 
was homogenous and comprised of intact dimpled ghosts. 
SDS-Polyacrylamlde gel electrophoresis (SDS-PAGE): Tris-glycine 
system of Laemmli (1970) was used for SDS-PAGE. Routinely a 
gradient gel of 3-15 % acrylamide was used. Stock solutions of 
J, O 
30 % acrylamide containing 0.8 % bis-acrylaraide, 1.5 M Tris (pH 
8.8 and 6.8) and 10 % SDS were prepared. Samples were prepared 
to give a final concentration of 1 % (w/v) SDS, 0.5 % (v/v) 6-
mercaptoethanol, 0.25 M Tris HCl. pH 6.8 and 10 % (v/v) glycerol 
and a trace of the tracking dye broraophenol blue. Samples were 
then heated in a boiling water bath for about 3 minutes. The 
electrode buffer contained 0.025 M Tris, 0.2 M glycine and 0.2 % 
SDS (pH 8.3). The protein bands were detected by staining the 
gels with 0.1 % coomassie brilliant blue R-250 in 40 % 
methanol/isopropanol and 10 % acetic acid. Destaining was 
carried out with 10 % glacial acetic acid, until the background 
became clear. 
Purification of Goat IgG: 
(a) Ammonium Sulphate Fractionation- To 100 ml of the freshly 
collected goat blood plasma, 11.4 grams of solid ammonium 
sulphate wa.s added and dis.5olved by .stirring at 4°C (20 % 
saturation). After 10-12 hours, the precipitate was removed by 
centrifugation at 5,000 x g for 20 minutes. To 98 ml of 
supernatant was further added 12.3 grams of ammonium .sulphate (40 
% saturation) and the solution was again allowed to stand for 10-
12 hours at 4^C. The resuting precipitate was removed after 
centrifugation as described earlier and dissolved in 0.01 M 
phosphate buffer pH 8.0. The precipitate was extensively dialysed 
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against the same buffer to remove ammonium sulphate. 
(b) DEAE - Cellulose Chromatography- Appropriate amount of DEAE 
cellulose was suspended in 15 volumes of 0.5N HCl for half an 
hour and washed in a Buchner funnel. The washing was continued 
till the pH of the filtrate was approximately 4.0. The exchanger 
was then treated with 15 volumes of 0.5N sodium hydroxide for 
half an hour and the washing continued till the pH of the 
filtrate approached neutrality. The DEAE-cellulose was then 
resuspended in operating buffer to get a homogenous slurry. Fine 
particles were removed and the slurry was poured in a vertically 
mounted column. The flow i-ate was gradually increased to 20 
ml/hour. The column was then equilibrated with operating buffer. 
The buffer was carefully removed from the surface and protein 
sample applied. The wash through peak was collected and 
monitored bj^  the method of Lowry ei sai. (1951). The fractions 
thus obtained were pooled, and were re-chromatographed, as 
described above. 
Protein Estimation: The procedure described by Lowry gLt. ai. 
(1951) was followed. A suitable aliquot of the sample was 
diluted to 1.0 ml with distilled water. To this was added 5.0 
ml of freshly prepared copper reagent. The copper reagent was 
prepared by mixing 0.5 % (w/v) copper sulphate in 1 % (w/v) 
sodium potassium tartarate and 2 % (w/v) sodium carbonate in 0.1 
H. NaOH, in 1:50 (v/v) ratio. After incubation for 10 min at room 
n 
temperature, 0.5 ml of lil Folin's reagent was added. The 
contents were rapidly mixed and color intensity read after 30 
minutes against a reagent blank at 660 nras. BSA was used as a 
standard. 
Immunological Studies: 
(a) Raising of polyclonal antibodies against purified goat IgG-
Anti goat IgG was raised in healthy albino rabbits. An emulsion 
of 0.25-0.5 ml of sterile solution containing 100-150 ug of 
protein was taken and emulsified with an equal volume of Freunds 
complete adjuvant. Rabbit were injected inti-amuscularly in one 
thigh with 0.5 - 1.0 ml of emulsion. Followed by another on the 
other thigh 7-10 days later. The rabbit was then rested for a 
minimum of 8 weeks. The rabbit were boosted with a similar amount 
of antigen using Freunds incomplete adjuvant. Six to eight days 
later, the rabbit was bled and the blood was allowed to coagulate 
for 3 hr at room temperature. Antiserum was collected and stored 
at 4°C till further use. 
(b) Immuno diffusion- The precipitin reaction in agarose gels was 
performed according to the method of Ouchterlony (1962). One 
percent of molten agarose in 154 mM NaCl, containing 0.1 % sodium 
aside was poured on a small petriplate and allowed to harden at 
room temperature. Required number of wells were cut from the 
agarose and plates were stored at 4*^ 0. All the sera tested were 
9' 
decomplimented by heating at 56°C for 20 rain prior to testing. 
Suitably diluted antiserum was added in the wells, the reaction 
was allowed to proceed for 2-4 hrs at ST'^ C, and at 4'^ C for 
further 12-24 hrs. The petriplates were immersed in 154 mM NaCl 
to remove any non-specific precipitin line. Staining was done 
with 0.5 % coomassie blue - R 250 in 25 % isopropyl alcohol and 
10 % glacial acetic acid for 10 min. Destaining was performed by 
several washes with 10 % glacial acetic acid. 
(c) Western/Immuno blotting- Goat erythrocyte membrane proteins 
were electrophoretically transferred from the SDS polyacrylamide 
gels to nitrocellulose paper as described by Towbin ^ SLL. 
(1979), except that the blotting buffer used was that 
recommended by Burnette (1981). Briefly, membrane proteins were 
electrophoresed by the method of Laemmli (1970) as described 
earlier and the proteins were then transferred to nitrocellulose 
paper. The electrode buffer contained 20 mM Tris, 150 mM 
glycine, 20 % methanol, 0.01 % SDS (pH 8.3). Staining of the 
blotted proteins where indicated was done with ponceau-s (0.5 % 
ponceau-s w/v in 1 % v/v acetic acid) and the nitrocellulose 
destained with 1 % acetic acid. 
The electrophoretic blots, usually not stained, with 
ponceau-s, were incubated in 5 % non-fat dry milk in buffered 
saline (150 mM NaCl, 10 mM Tris-HCl pH 7.5) for two hours at room 
2,^  
temperatui'e with constant shaking to saturate the additional 
pi-otein binding sites. The blots were rinsed with the Tris 
buffered saline and incubated with the autologus serum 
appropriately diluted with 5 % non fat dry milk in tris buffered 
saline (1;10 dilution). The strips were then washed with 
Tris/saline buffer. Then the blots were incubated with 
peroxidase conjugated antiIgG (1:50 dilution) in 5 % non-fat dry 
milk in Tris/saline buffer for 5 hours. The blots were thoroughly 
washed in Tris/saline buffer and ortho-diansidine or 4-chloro-l-
naphthol, H0O2 was used to develop the color. 
(d) Preparation of conjugate for the detection of antigen/ 
antibodies- Healthy Albino rabbits were immunised against the 
purified IgG to obtain antilgG. The rabbits were bled and the 
serum was collected. Subsequently the serum was subjected to 0-40 
percent ammonium sulphate precipitation. The resulting 
precipitate was suitably diluted in the 0.1 M phosphate buffer, 
pH 6.8 and was dialysed against the same to remove the ammonium 
sulphate. The dialysed portion of 0-40 % ammonium sulphate 
fraction of the antiserum was coupled to horse radish peroxidase 
using glutaraldehyde. The overall approach was that of Avarameas 
(1969). Briefly to 1 ml of 0.1 M phosphate buffer pH 6.8 
containing 5 rag of gammaglobulin 12 mg of peroxidase wa.^ ;^ 
dissolved, while the solution was gently stirred, 0.05 ml of 2% 
aqueous solution of glutaraldehyde was added dropwise. The 
'1 0 
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reaction mixture was allowed to stand at room temperature for 2 
hours. And then diaiysed extensively against buffered 
physiological saline at 4°C overnight. The stock solution of 
peroxidase labelled antibody was stored at 0°C until further 
use. 
RESOLTS 
^ t 
Purification of goat gammaglobulin- Twenty to forty percent 
ammonium sulphate fraction of plasma was chromatographed on DEAE-
cellulose column. Fig. 2 shows the elution profile of the 
proteins from the ion exchanger. Proteins wez'e eluted as a large 
peak followed by several smaller overlapping peaks. Even after 
elution of the column with 125 ml of buffer, small amounts of 
protein continued to emerge out of the column. Fractions 5-8 
(Fig. 2) were pooled, concentrated and rechromatographed on the 
DEAE column. Fig. 3 shows that protein emerging on 
rechromatography on DEAE-cellulose column eluted as a sharper 
peak followed by a second small peak. Fractions 5-7 (Fig. 3) of 
the major protein peak were pooled, concentrated and subjected to 
polyacrylamide gel electrophoresis in the presence and absence of 
SDS. 
Homogeneity- As evident from the Fig. 4, a significant, 
purification of gammaglobulin was accomplished by the 
purification procedure adapted. Most of the contaminating 
polypeptides were eliminated including the albumin. However a 
trace of a polypeptide showing considerably faster mobility than 
the gammaglobulin fraction was pi-esent in the preparation finally 
obtained. When subjected to SDS-PAGE the purified preparation 
of gammaglobulin migrated predominantly as two bands, presumably 
representing the light and heavy chains of gammaglobulin (Fig.5). 
Fig. 2. 
The elution profile of gammaglobulins from DEAE-
cellulosey coluom. Fraction isolated by the 
precipit^tiion of goat plasma between 20-40% ammonium 
sulphatlfe saturation was used. A preparation containing 
120 mg pfotein was dissolved in and dialysed against 0.1 
M phosphate buffer pH 8.0 and subjected to DEAE-
cellulose phroraatography. A 2.4 x 6.5 era column, was 
5-
used. The ,'coluran was equilibriated with 0.1 M phosphate 
buffer pH 8.0 before loading the protein. The protein 
was eluted with 0.1 M phosphate buffer and 5 ml 
fractions collected. Gammaglobulin was not retained by 
the column hence eluted as the first peak. Protein 
estimation in the individual fractions was performed by 
the procedure of Lowry ai al -(,1951). 
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Fig. 3. 
Re<t5l|roiBatography on DEAE-cellulose. Concentrated, 
po(t)]ied fractions (5-8) of the first peak obtained from 
th^ ;DEAE-cellulose chromatography shown in Fig. 2, Wei's 
reihJpomatographed on a second column of identical 
diiiensions under identical conditions. Fractions (5-7) 
we:f-e/'"pooled and concentrated for further use. 
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Fig. 4. 
Polyacrylamide gel electrophoresis at various stages of 
purification of gammaglobulins. Non-denaturing PAGE was 
performed as described by Laeramli (1970) using a 6-15% 
gradient. Appropriate fractions were electrophoresed on 
a mini slab gel at room temperature using a constant 
current of 50 volts. 
Lane A Whole plasma 
Lane B 20-40% Ammonium Sulphate fraction. 
Lane C First DEAE-cellulose fraction. 
Lane D Second DEAE-cellulose fraction. 
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Fig. 5. 
SDS-polyacrylamide gel electrophoresis. SDS-PAGE was 
carried out according to Laemmli (1970) on a 10% gel, 
Tris-glycine buffer pH 8.3 containing 0.2% SDS was used 
as the running buffer. Samples of purified 
gammaglobulins were solubilized as described in the text 
prior to electrophoresis. Electrophoresis was carried 
out at room temperature using a constant current of 50 
volts. 
Lane A 17 ug of protein. 
Lane B 26 ug of protein. 
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Immunodiffusion-
Antiseruin raised against the purified IgG preparation gave a 
single precipitin line on immunodiffusion (Fig. 6). A single 
sharp band was also obtained when immunodiffusion was carried out 
using the 0-40% ammonium sulphate fraction of the antiserum. 
The supernatant obtained after the centrifugation of ammonium 
sulphate fraction, yielded no clear precipitin reaction (Fig. 7). 
Polypeptide composition of the goat rbc membrane- The membrane 
was prepared by the hypotonic hemolysis procedure described by 
Fairbanks £JL al. , (1971). On subjecting the solubilized membrane 
to SDS-PAGE on a 3-15 % gradient the polypeptides could be 
resolved to several major and minor components. As also i-eported 
earlier from this laboratory (Khan and Saleerauddin, 1988) most of 
the polypeptides were comparable in molecular weight with those 
of the human erythrocyte membrane. The most outstanding 
difference from that of human erythrocyte membrane was the 
presence of a 160,000 mol. wt. component in the goat erythrocyte 
membrane (Fig. 8). 
Detection of autoantibodies against goat rbc membrane 
polypeptides- In order to detect the presence of autoantibodies 
against the various membrane components antibodies were raised 
against goat plasma gammaglobulin fractions in rabbits. 
Peroxidase conjugate using the ammonium sulphate fraction of the 
antiserum was prepared by the procedure described by Avararaeas 
Fig. 6. 
Gammaglobulin ouchterlony immunodiffusion. Anti goat 
gammaglobulin antisera were raised in albino rabbits. 
The immunodiffusion was allowed between the purified 
gammaglobulin and antigammaglobulin antiserum in agarose 
gels as described in the text. The central well 
contained purified gammaglobulin, while the four wells 
(1,2,3,4) contained the rabbit anti goat gammaglobulin 
antiserum. 
30 
Fig. 7. 
Antigoat gammaglobulin ouchterlony immunodiffusion. 
Immunodiffusion was performed between 0-40 % ammonium 
sulphate fractionated antiserum and purified gamma 
globulin. The central well contained purified gamma 
globulin. Wells 2,4 contained the precipitate of the 
ammonium sulphate fraction of antiserum. While wells 
1,3 contained the supernatant of the antiserum. 
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Fig. 8. 
The polypeptide composition of goat rbc membrane. Fresh 
blood collected, was centrifuged, the rbcs washed with 
normal saline and the buffy coat removed. The rbc were 
hemolysed by hypotonic lysis and hemoglobin free ghosts 
were prepared as described in the text. Ghosts thus 
obtained were subjected to SDS-PAGE on a 3-15% gradient 
according to Laemmli (1970). Electrophoresis was 
carried out at room temperature using a constant current 
of 50 volts. 
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(1969) as detailed in the methods. As shown in the Fig. 9, very-
faint but z-eproducible staining could be observed on the 
nitrocellulose membrane in the regions corresponding to the band 
3. 
Effect of ATP-depletion on polypeptide composition and binding of 
antlbcind 3 antibodies- ATP-depletion was accomplished by 
incubating the freshly isolated goat erythrocytes in ATP-
depletion medium consisting of 25 mM NaF in Tris buffered saline 
pH 7.4 as shown in Fig. 10. ATP-depletion resulted in no major 
alteration in the membrane polypeptide composition. However in 
the samples incubated for longer durations a polypeptide of 
52,000 mol. wt. was present in significantly higher amounts. 
While we have not addressed the nature of origin of the 
polypeptide but it may represent a degradation product of 
membrane protein or a cytoplasmic polypeptide that attaches 
itself to the membrane during ATP-depletion. Results obtained in 
the western blotting experiments performed using membranes of 
control and ATP-depleted red cells indicate that there may be a 
slight increase in the binding of band 3 specific autoantibody as 
a result of the treatment (Fig. 11). However since the staining 
was faint it was difficult to quantitate the same. These 
experiments should therefore be taken as only indicative and need 
further substantiation. 
Fig. 9. 
Western/immunoblotting of goat rbc membrane, and 
detection of autoantibodies against membrane 
polypeptides. The goat rbc were hemolysed by hypotonic 
lysis, the resulting ghosts solubilized in SDS and 
electrophoresis was carried out on a 3-15% gradient gel 
according to Laemmli (1970) at room temperature using a 
constant current of 50 volts. The proteins were 
transferred from the gel onto nitrocellulose as 
described in methods for 190 minutes at 4°G using a Bio-
blot apparatus. Lanes a and b (panel A) shows the 
poceau-s stained nitrocellulose, while the lanes a and b 
(panel B) is the immunoblot. Protein concentration in 
the lanes a and b in both the panels was about 64 and 80 
ug respectively. Arrow indicates the band 3 position. 
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Fig. 10. 
Effect of ATP-depletion on the polypeptide composition 
of goat erythrocytes. Erythrocytes isolated from fresh 
blood were washed with tris buffered saline (5 inM Tris-
HCl, 154 rnM NaCl pH 7.4), and incubated in. the same 
buffer containing 25 mM NaF at 37°C. Unincubated 
erythrocytes and those treated with fluoride for various 
intervals were rapidly washed, hemolysed and the 
membranes were prepared as described in the text. Arrow 
indicates the position of polypeptide that is present in 
higher concentration in fluoride treated sample (see 
results for details). SDS-PAGE was carried out on a 3-
15% gradient according to Laemmli (1970) at room 
temperature using a constant current of 50 volts. Gel 
was stained with coomassie blue R-250. 
Lane A Control membrane. 
Lane B ATP-depleted for 30 min. 
Lane C ATP-depleted for 1 hr. 
Lane D ATP-depleted for 2 hrs. 
Lane E ATP-depleted for 3 hrs. 
35 
^ S 
A B C D E 
Fig. 11. 
Western/immunoblotting of ATP-depleted goat rbc 
membrane, and detection of the binding of autoantibodies 
against membrane polypeptides. The goat rbc were ATP-
depleted as described in Fig. 10, and were hemolysed by 
hypotonic lysis. The resulting ghosts were solubilized 
in SDS and were electrophoresed on a 3-15% gradient gel 
according to Laerarali (1970). Then transferred on to 
nitrocellulose as described in methods. 
Lane A Control membrane. 
Lane B ATP-depleted for 30 rain. 
Lane C ATP-depleted for 1 hr. 
Lane D ATP-depleted for 2 hrs. 
Lane E ATP-depleted for 3 hrs. 
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Inspite of extensive investigations the exact 
mechanisms by which the senescent rbc are eliminated from the 
circulation continue to be evasive. While convincing evidence 
suggests the role of autoantibodies that recognise modified cell 
surface antigens (Kay, 1975), the exact alterations that 
stimulate such recognition are still unknown. Several studies 
explain aging process as a manifestation of among other things, 
loss of sialic acid (Dannon ei al-. 1971, Kay, 1975), lowered 
resistance to oxidative stress (Abraham ai aJL. , 1978, Low £i ai. , 
1985), lowered level of ATP (Cohen eJt, ai-, 1976) and binding of 
autologus antibodies (Khansari ai ai-, 1983, Kay, 1975). Wegner 
£i. aL-, (1986) measured the binding of pooled radioiodinated 
human gammaglobulin to red cells before and after ATP-depletion 
and found that the capacity for high affinity binding of gamma 
globulin increased from 6 to 37 molecules per cell as a result of 
ATP-depletion. In addition the other two independent studies 
conducted by Halbhuber at ai. , (1986) and Muller ei ai-, (1983) 
indicated that, spectrin depleted vesicles that were shed from 
ATP-depleted cells bound substantial amounts of the autologus 
antibody. 
Goat erythrocytes differ in a number of respects from 
91 
their human counterparts, especially in relation to Ca'^  
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dependent/stimulated process. In human erythrocytes calcium pump 
maintains the low intracellular Ca" concentration at the expense 
of cellular ATP (Schatamann, 1975). High Ca^ "*" levels seem to 
bring in a cascade of senescent related alterations including 
shape change (Palek ai. al. , 1974, Sheetz and Singer, 1977), 
degradation of membrane glycopeptides (Croall ei. aJL. • 1986), and 
disturbances in phospholipid organisation (Allan SIL aL. , 1976). 
Luts (1981) and Low SLL al. , (1985) showed that Ca^ "^  depletes 
cellular ATP and induces oxidative stress, resulting in the 
aggregation of band 3. Such transformation may facilitate the 
binding of band 3 specific antibodies present in the circulation 
leading in their uptake by the phagocytes (Kay, 1984). Goat 
erythrocytes have been found to exhibit barely detectable (Ca -
Mg )-ATPase activity (Vincenzi, 1981). More recently Khan and 
Saleemuddin (1988) showed that adult goat erythrocytes lack Ca" 
stimulated protease and transglutaminase activities as well. It 
was the objective of the present study therefore to investigate 
if antibody mediated senescence mechanisms are more pronounced in 
the goat rbc, in view of the lack of Ca^ mediated senescence 
mechanisms (Lutz, 1981, Low ei. aX. , 1985). In order to 
demonstrate the presence of naturally occuring autoantibodies 
against red cell membrane proteins, the gammaglobulins from goat 
plasma were purified using the 20-40% ammonium sulphate fraction 
on DEAE-cellulose. Sober ei. al. , (1956) used DEAE-polycel and 
demonstrated the isolation of gammaglobulins from whole horse and 
:i9 
human serum into electrophoretically homogenous fractions. A 
rapid method for the isolation of the gammaglobulin of specified 
purity from rabbit serum by a single batch absorption with DEAE-
cellulose has been described by Arnold (1969). This batch 
separation method has the advantage of ease in handling 
relatively large volumes of serum. Gray ei aX-. (1969) 
demonstrated two gammaglobulin subclasses in goat serum with 
similar sedimentation coefficients, both common and di-stinct 
antigenic determinants. They have also reported that the first 
peak elluted from a DEAE-cellulose column from goat serum was 
pure gammaglobulin, by carrying out immunoelectrophoretic studies 
using commercial rabbit antigoat serum. The procedure employed 
for gammaglobulin isolation in this study was based on that of 
Gray oi. SLL. , (1969). However an additional rechromatography step 
(Fig. .3) employed in this study proved advantageous in minimising 
the contamination of plasma proteins (Fig. 4 lane d). In non-
denaturing electrophoresis the preparation migrated as a major 
band with a faster moving trace contaminant. When the 
preparation thus obtained was subjected to SDS-PAGE it migrated 
as two bands presumably representing the light and heavy chains 
of gammaglobulin (Fig. 5). The purified goat gammaglobulin 
obtained was used for raising antibodies in rabbits. 
Immunodiffusion studies carried out using the antiserum gave a 
single precipitin line (Fig. 6) indicating the formation of 
antibodies against the gammaglobulin. When the immunodiffusion 
was carried out using 0-40% ammonium sulphate fraction of the 
antiserum it resulted in single sharp precipitin line (Fig. 7), 
The antiserum thus obtained, was used in the preparation of 
peroxidase conjugate. As reported earlier from this laboratory 
(Khan and Saleemuddin, 1988) most of the polypeptides of goat rbc 
were comparable in molecular weights with those of human 
erythrocyte membrane and the most outstanding difference from 
that of human rbc polypeptides was the presence of a 160,000 raol. 
wt. component in the goat (Fig. 8), 
As shown in Fig. 9, very faint but reproducible 
staining could be observed on the nitrocellulose after blotting 
and incubating the membrane with the primary antibody and enzyme 
conjugate of secondary antibody in the regions corresponding to 
band 3, this observation is in agreement with that of Kay (1975) 
made with human plasma. In another study Luta and Stringara-wipf 
(1983) showed that senescent red cell bound gammaglobulin is 
attached to band 3 protein. In order to elucidate whether ATP-
depletion correlates with exposure of auto antigens, we studied 
the binding of autoantibodies before and after ATP-depletion. 
ATP-depletion resulted in no major alteration in the membrane 
polypeptide composition except in the samples incubated for 
longer durations a polypeptide of 52,000 mol. wt. was present in 
relatively higher amounts (Fig. 10). Results obtained in 
*i J-
western/iraraunoblotting experiments performed using membranes of 
control and ATP-depleted red cells indicated that there may be a 
slight increase in the binding of band 3 specific antibody as a 
result of the treatment (Fig. 11). The results obtained in this 
study are in agreement with that of Wegner ai aL-, (1986) and 
Halbhuber elt. aX-, (1986), who showed that ATP-depleted human rbc 
bound substantial amounts of autologus antibody. Further work on 
the effect of in vivo aging of the red blood cells and their 
ability to bind antiband 3 antibodies is in progress. Several 
methods are available for the separation of cells according to 
age based on their densities (Murphy, 1973, Rennie oit. &L. , 1979). 
However, the biotynylation technique described by Dale seem to 
result in the isolation of "truly senescent" cells (Suauki and 
Dale, 1987, 1988). 
SOMMARY 
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fi\immary 
The possible role of autoantibodies in the senescence 
of goat erythrocytes has been investigated. This was considered 
of interest in view of lack of the raost calcium 
mediated/stimulated processess in goat erythrocytes, some of 
which play a significant role in the senescence of red blood 
cells of humans and other mammals. Gammaglobulin fraction from 
the goat plasma was purified using ammonium sulphate 
fractionation, and chromatography on DEAE-cellulose. The 
preparation obtained appeared homogenous on electrophoresis in 
non-denaturing polyacrylamide gels, except for a faster moving 
trace contaminant. The protein migrated as two bands 
corresponding to light and heavy chains of gammaglobulins in 
polyacrylamide gel electrophoresis performed in presence of SDS. 
Antigoat gammaglobulin was raised in rabbits using the purified 
gammaglobulin and partially purified antigoat gammaglobulin was 
conjugated to peroxidase. For the detection of antierythrocyte 
membrane polypeptide antibodies the membranes were dissolved in 
SDS and subjected to gel electrophoresis in presence of SDS. The 
polypeptides were blotted onto nitrocellulose sheets which were 
incubated successively with goat gammaglobulin / with the 
peroxidase conjugate of rabbit antigoat gammaglobulin. Using the 
peroxidase conjugate it was possible to detect very small amounts 
of autoantiband 3 antibodies in the goat serum. The amount of 
43 
antibody present in the goat serum however appeared very small 
and only faint staining could be detected which however was 
repi'oducible. ATP-depletion of the goat red blood cells, induced 
by incubation in buffered saline containing fluoride, resulted in 
a small increase in the binding of the antiband 3 antibody. The 
peroxidase staining obtained even with the ATP-depleted cells was 
also quite faint although it appeared more marked than in the 
case of control erythrocytes. ATP-depletion also lead to the 
appearance of a 52,000 mol. wt. polypeptide which was quite 
prominent in the membranes of goat erythrocytes incubated with 
fluoride for 3 hours. 
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